The quantitative correlation of counterion-affinity to aqueous hexadecyltrimethylammonium bromide (HDAB, cationic micelles/nanoparticles) and the counterion-induced HDAB micellar growth, in the presence of different amounts of poly(ethylene glycol hexadecyl ether) (C 16 E 20 
INTRODUCTION
Micelles (surfactant aggregates) have attracted much attention in nanoscience and nanotechnology fields of research for more than a century [1] . Their vast applications have been practised, for instance, in district heating and cooling systems as drag reducers [2, 3] and in petroleum industries [4] . The structural growths in ionic micelles were believed to be dependent upon the strength of the counterion, X, binding to cationic micelles [5] [6] [7] . Kunz and co-workers [8] attempted (in 2004) to provide a qualitative correlation of X-induced micellar growth based upon the cationic micellar hydrophilic head and X interactions of Hofmeister anions. However, the limitations on the quantitative measurements of these bonded counterions are yet to be solved [9] , especially when it comes to mixed surfactant systems. Perhaps it is worth ascertaining the outcome for the pure cationic micellar structure www.prkm.co.uk (e.g. spherical, wormlike or vesicle) if a nonionic surfactant [such as poly(ethylene glycol hexadecyl ether), C 16 E 20 ] is added to the solution, which is referred to as micellar structural growth. Several studies have been published on the role of different inert salts in modifying the structural features of cationic micelles in aqueous solution and, directly or indirectly, it is believed that these salts influence the micellar structural growth [10] [11] [12] . In addition, some studies [13] [14] [15] reported possible quantitative correlations between the hexadecyltrimethylammonium bromide (HDAB) micellar binding constants and the counterion and/or temperature-induced micellar structural growth. These studies [13] [14] [15] and some related ones [16] [17] [18] used a semi-empirical kinetic (SEK) method to determine the values of the relative counterion binding constant, K X Br or R X Br (with R X Br = K X /K Br , where the values of HDAB micellar binding constants, K Br and K X , were derived from kinetic parameters obtained in the presence of micelles with different structural features) [19] . However, these reports lack information on reliable mechanism(s) of the effects of nonionic surfactants in the cationic micellar structural transition which opens up the possibility of optimising the use of mixed micelles in advanced technologies and industries [20] . Khan [21] reported some studies where the data obtained for the cationic micellar mediated reactions were quantitatively correlated using several models. Davies and Foggo [22] have also made a significant attempt to explain their findings on a mixed anionic-nonionic micellar system using multiple micellar pseudo phase (MMPP) models. In another report, Bunton et al. [23] have used the pseudophase micellar (PM) model to explore reactions involving mixed cationicnonionic micellar systems. This PM model has been coupled with an empirical equation [Eqn (1)] [24] to treat the results of the present study
where K S is the HDAB micellar binding constant of the anionic reactant, S -(and is equal to K S 0 in the absence of X -) and K X S / is an empirical constant whose value indicates the ability of X -to transfer anionic reactant, S -, from the pure HDAB micellar phase to the bulk aqueous phase [25] . In this manuscript we report: (i) the use of the SEK method (described in detail elsewhere [20] ) and (ii) rheometric observations, to correlate the relative counterion binding constants for HDAB/MX/H 2 O solution (where MX = 4-ClC 6 H 4 CO 2 Na) systems and counterion-induced HDAB micellar structural growth in the presence of C 16 [19, 27] . Pseudo first-order rate constants, k obs , for the piperidinolysis of PheS -are affected by the amount of counterion, X -. This effect has been investigated in the absence and presence of a C 16 E 20 surfactant and used as a kinetic probe for the use of the SEK method. Details of the method and the probe are described elsewhere [19, 21, 27 ]. Table 1 . Table 2 .
RESULTS

Effect of [4-ClC
www.prkm.co.uk [29] . The presence of C 16 E 20 revealed the existence of a NSE and the values k obs 0 and k obs MX (max) were used to calculate the %NSE using Eqn (2) . The values are also presented in Table 2 . These percentages were found to decrease with an increase in [C 16 E 20 ] T . at which further increase in [MX] is believed to have no effect on the ion exchange X − /HO − and X − /Br − occurring in the HDAB micellar phase [16] . (Tables 3 and 4) . To differentiate between the parameters determined in a pure HDAB and mixed HDAB-C 16 E 20 micellar system, a small letter "m" was used as superscript. Therefore, Tables 3 and 4 respectively. It may be easily shown that a reaction mechanism for piperidinolysis of PheS -in the presence of pure HDAB micelles and Eqn (1) can lead to Eqn (3) with θ and K X/S expressed by Eqns (4) and (5) respectively [19] . 
Explanation of the effects of [MX] on k obs for piperidinolysis of PheS
The values of F X/S obtained from Eqn (4) are summarised in Tables 3 and 4 while the values of K X/S were determined by the use of Eqn (5) with K S 0 = 7000 M -1 [31] . These calculated values of K X/S are shown in Table 3 .
The normalised values of K X/S n (= F X/S /K X/S ), presented in Table 3 , are almost independent of
[HDAB] T (ranging from 0.006 to 0.015 M). The magnitude of K X/S n is related to the values of micellar binding constants, K X (for counterion X) and K S for S (S -= PheS -) in the relationship K X/S n = Ω S K X /K S with Ω S denoting a proportionality constant [16] . For the reference counterion 
The values of K X/S n are presented in Table 3 with K Br/S n (= 25 M -1 ) reported from the literature [32, 33] . The values of K X Br or R X Br at [HDAB] T = 0.006, 0.010 and 0.015 M are also presented in Table 3 and their mean value (50.3) was found to be very similar to the recently reported figure (47.9) [20] . Table 3 Values of empirical constants θ and K X/S obtained using Eqns (3) and (4) 
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The values of m K X/S could not be determined because of the unavailability of values of m K S 0 for the present study. By recalling Eqn (5), it can simply be understood that
and
Relating Eqn (6) with Eqns (7) and (8) gives Eqn (9)
where n m K X/S = m F X/S m K X/S (for MX = 4-ClC 6 H 4 CO 2 Na) and n m K Br/S = m F X/S m K Br/S (for the reference MX = NaBr thickening behaviour) at the higher values of shear rates, which may be due to the 'Taylor effect'. This is the characteristic feature of spherical micelles, with relatively lower values of η [35] . It has been recorded elsewhere [36] that in a solution of ionic wormlike micelles containing certain salts, its viscoelastic nature could be changed at very high or low concentrations of the added salt. However, the remaining four flow curves (at 0.015, 0.030, 0.050 and 0.15 M [4-ClC 6 H 4 CO 2 Na]) with relatively higher values of η revealed Newtonian fluid characteristics at the lower shear rate and show shear thinning behaviour at relatively higher shear rate. This behaviour is attributed to the presence of wormlike micelles [37] . Figures 5(a) and 5(b) show a contrasting result in which all the flow curves exhibit a mild shear thickening behaviour at a very low shear viscosity and high shear rate which is merely due to the 'Taylor effect'. This is a characteristic of spherical micelles and is directly related to the presence of the nonionic surfactant, C 16 E 20 [38] 
CONCLUSIONS
The mean values of relative counterion (4-ClC 6 
